parts could clearly be observed. Corresponding to the decrease and increase of the smooth-surfaced endoplasmic reticulum (sER) during the 24-hr span, it is thought that the membrane transformation from the sER to rough-surfaced endoplasmic reticulum (rER) at 0500 h and from the rER to sER at 1700 h occurs in the flowing-off of membranes which is accompanied by attachment or detachment of ribosomes.
Furthermore, at these time points, the direct continuity of membranes between the rER and Golgi apparatus is discerned.
From these findings, it may be elicited that the membrane association among the cytoplasmic components takes an important role in the reorganization of the cytoplasmic components in hepatocytes during the 24-hr span. --membrane association; endoplasmic reticulm; Golgi apparatus; rat hepatocytes Corresponding to the dramatic change in glycogen content of hepatocytes during the 24-hr span, the volume densities of mitochondria and sER, and the distribution pattern of rER exhibit prominent circadian variations (Muller 1966; Rohr et al. 1970; Uchiyama 1980 Uchiyama , 1981 Uchiyama and von Mayersbach 1981) . The author (1981) clarified the relationship between ER and outer mitochondrial membranes through the tubular structure, which forms a bridge between the two organelles and whose incidence demonstrates a circadian change. A possibility of membrane transformation from rER to sER in rat hepatocytes has been suggested under normal and experimental conditions by several investigators (Staubli et al. 1969; Cardell 1976 ).
In the course of the study on circadian variations in subcellular structures of rat hepatocytes, the author noticed specific profiles of ER and the direct engagement of rER into the Golgi apparatus suggesting a membrane transformation.
This report mainly deals with the membrane transformation among the cytoplasmic organelles of rat hepatocytes.
MATERIALS AND METHODS
Twelve adult male Wistar rats (AF/Han, ca. 300 g) were used for the experiment. They were subdivided into 2 groups housed in plastic cages placed in well ventilated chambers with constant environmental conditions : temperature 22±1°C, relative humidity 55%, 12:12 hr light-dark cycle (light period 0900 h-2100 h), and fed ad libitum.
Six rats of each group were killed at 1700 h of the 3rd and at 0500 h of the 4th August, 1978. Liver samples were excised from the rats and fixed in 2% glutaraldehyde buffered with 0.1 M cacodylate-HC1 buffer, pH 7.3, containing 7.5% sucrose for 24 hr. They were postfixed in 1% Os04 buffered with the same buffer containing 7.5% sucrose for 2 hr. After dehydration with graded ethanols, they were embedded in Epon 812. Silver sections were cut by Porter-Blum MT-1 and 2 ultramicrotomes and observed by Hitach 7S and H-600 electron microscopes after staining with uranyl acetate and lead citrate. Observations are limited to hepatocytes in the peripheral parts of the liver lobule.
RESULTS AND DISCUSSION
At 0500 h and 1700 h, hepatocytes in peripheral parts of liver lobules moderately possess glycogen granules. As shown in Fig. 1a , smooth-surfaced endoplasmic reticulum (sER) taking a paper-string-like form is clearly demonstrated at 0500 h. A single strand of rough-surfaced endoplasmic reticulum (rER) still envelops mitochondria, and accumulations of rER can be seen. The endoplasmic reticulum (ER) having rough and smooth parts is distinctly discerned in the cytoplasm. Judging from the fact that sER decreases during the dark cycle (Uchiyama 1980) , these figures of ER may suggest a membrane transformation from sER to rER. At this time-point tubular structures are occasionally engaged in the Golgi lamellae on its cis side, although the density of the cisternae is slightly higher than that of the Golgi lamellae, and they have a few ribosomes on their cisternal ends (Fig. 1b) . On the other hand, at 1700 h sER prominently increases, and accumulations of rER can still be seen in the cytoplasm (Figs. 2a, c) . A single strand of rER starts to envelop mitochondria. The rER often loses ribosomes on its cisternal end, and in some places sER suggesting a separation from rER is located near cisternal ends of rER (Figs. 2a, b) . This may correspond to the increment of sER during the light cycle. At this time-point the ER which is directly open into the cistern of the Golgi lamella, taking a circular form, can occasionally be discerned, and on its cisternal end ribosomes clearly adhere (Fig. 2c) . Cardell (1976) postulated that during the decrease in glycogen content of hepatocytes, sER occurs from the cisternal end of rER, which is accelerated under the condition of phenobarbital treatment. In the present study, the Fig. 1 . Parts of perilobular hepatocytes obtained at 0500 h. a : The ER having smooth and rough parts can clearly be seen (arrows). x 11,000. b : Tubular structures attached by ribosomes on the cisternal ends are directly engaged in the Golgi lamellae on its cis side (arrow). X 29,000. Fig. 2 . Parts of perilobular hepatocytes obtained at 1700 h. a : Strands of rER often lose ribosomes on the cisternal ends (arrows). The sER suggesting a separation from rER can be discerned (a*). x 18,000. b : One of these profiles of sER suggesting a separation from rER is indicated at a higher magnification. x 63,000, c : The ER clearly attached by ribosomes is continuous with the lamella of the Golgi apparatus taking a circular form (arrow). X 29,000.
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membrane transformation from rER to sER could also be seen at 1700 h, when glycogen content decreases. Furthermore, at 0500 h when glycogen content increases, and rER starts to make accumulations, the membrane transformation, which implies an inverse direction, from sER to rER, were clearly discernible. Such a direct association of membranes could also be discerned between the Golgi lamellae and rER, although the transformation direction cannot be speculated. Considering the fact that the ER associates directly with outer mitochondrial membranes through the tubular structures (Uchiyama 1981) , it may be that the membrane transformation among the cytoplasmic organelles in perilobular hepatocytes occurs in flowing-off of membranes which is simultaneously accompanied by attachment or detachment of ribosomes, corresponding to the reorganization of the cytoplasmic components during the 24-hr span. However, further analysis of membrane dynamics among the cytoplasmic components of hepatocytes should quantitatively be performed during the 24-hr span.
